Context.-Colorectal cancer is a heterogeneous disease resulting from different molecular pathways of carcinogenesis. Recent data evaluating the histologic features and molecular basis of the serrated polyp-carcinoma pathway have significantly contributed to more comprehensive classifications of and treatment recommendations for these tumors.
resulting from different molecular pathways of carcinogenesis. Recent data evaluating the histologic features and molecular basis of the serrated polyp-carcinoma pathway have significantly contributed to more comprehensive classifications of and treatment recommendations for these tumors.
Objective.-To integrate the most recent molecular findings in the context of histologic classifications of serrated lesions and their implications in diagnostic pathology and colorectal cancer surveillance.
Data Sources.-Published literature focused on serrated polyps and their association with colorectal cancer.
Conclusions.-Three types of serrated polyps are currently recognized: hyperplastic polyps, sessile serrated adenomas/polyps, and traditional serrated adenomas. The BRAF V600E mutation is one of the most frequent molecular abnormalities identified in hyperplastic polyps and sessile serrated adenomas. In contrast, in traditional serrated adenomas, either BRAF V600E or KRAS mutations can be frequently identified. CpG methylation has emerged as a critical molecular mechanism in the sessile serrated pathway. CpG methylation of MLH1 often leads to reduced or lost expression in dysplastic foci and carcinomas arising in sessile serrated adenomas/polyps. 1 Colorectal cancers are molecularly and histologically heterogeneous, reflecting different pathways of carcinogenesis. 2 Although the majority of sporadic CRCs arise from the conventional adenoma-to-carcinoma stepwise progression, 3 a subset of carcinomas develops from serrated precursors. [4] [5] [6] [7] [8] Serrated polyps comprise a diverse group of lesions sharing the morphologic feature of sawtooth crypt architecture. Adenomas of the sessile serrated pathway are thought to account for approximately 17 .5% of proximal colonic carcinomas, 4, 5, 9 and overall up to 20% to 30% of CRCs are attributed to the serrated neoplasia pathway. 10 Genomic and epigenomic alterations that have been shown in the different subtypes of CRC include chromosomal instability, CpG island methylator phenotype (CIMP), microsatellite instability, and activating mutations of key driver genes, including KRAS and BRAF. 11, 12 In contrast to previous studies that have used limited panels of genomic alterations, genome-wide sequencing and array technologies and large data sets such as the Cancer Genome Atlas Research Network data provide greater molecular details for the recognition of more biologically accurate cancer subgroups. 13 The early lesion in the conventional pathway of CRC tumorigenesis is the conventional adenoma (tubular or villous adenoma). The conventional CRC molecular pathway involves a predominant pattern of chromosomal instability with a multistep accumulation of genetic aberrations that include mutations in the adenomatous polyposis coli (APC) gene, altered regulation of the Wnt-bcatenin pathway, TP53 gene mutations, and loss of heterozygosity at the 18q chromosome ( Figure 1 ). 3 Progression from conventional adenomas to adenocarcinoma is associated with mutations in genes of the mitogen-activated protein kinase (MAPK) signaling pathway, in particular in KRAS, which was reported in up to 18% of tubular adenomas and 50% of villous adenomas. 3, 14 Activating KRAS and BRAF mutations appear to be mutually exclusive in the MAPK pathway. 15 Kim et al 16 reported approximately half of conventional adenomas to harbor KRAS mutations and none to contain BRAF mutations. Leggett and Whitehall 9 found only a small proportion (up to 9%) of conventional adenomas to contain BRAF mutation. Carcinomas that develop through the conventional pathway are generally CIMP À , are microsatellite stable (MSS), have chromosomal instability, are TP53 mutated, and display loss of heterozygosity at the 18q chromosome (Figure 1 ). 3 In contrast to the conventional adenoma-carcinoma pathway, the sessile serrated pathway early lesions are serrated polyps characterized by high incidence of activating BRAF mutations and epigenetic gene silencing mediated via promoter hypermethylation. The resulting sessile serrated adenomas progress through the CIMP and/or the micro-satellite instability pathways, the latter resulting from transcriptional inactivation of the DNA mismatch repair gene MLH1 by promoter methylation (Figure 1) . 5, [13] [14] [15] [16] [17] An alternative pathway has been proposed in which tubulovillous adenomas are the precursor lesions and are characterized by CIMP-low/MSS and KRAS mutations ( Figure 1 ).
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Since the introduction of the term serrated adenoma in 1990 by Longacre and Fenoglio-Preiser, 17 the histologic and molecular features of the distinct types of serrated polyps have become increasingly well recognized, leading to more detailed categorization, treatment approaches, and surveillance recommendations. Currently, 3 types of serrated polyps are acknowledged in the fourth edition (2010) of the World Health Organization (WHO) Classification of Tumors of the Digestive System 18 : hyperplastic polyp (HP), sessile serrated adenoma/polyp (SSA/P), and traditional serrated adenoma (TSA). The terms sessile serrated adenoma and sessile serrated polyp are interchangeable. 18 The aim of this review is to integrate the most recent molecular data identified in serrated lesions in the context of their histologic classification and to highlight the role of pathologists in the assessment and reporting of these lesions.
SERRATED LESIONS: EPIDEMIOLOGY AND CLINICAL
FEATURES Because of variations in terminology and detection rates, the prevalence of serrated polyps differs in published reports. 19, 20 In addition, most of the epidemiologic studies of serrated lesions predate the current classification of serrated polyps, limiting their utility. Nonetheless, the prevalence of all serrated lesions was reported to range from 13% to 50% in several autopsy series. [21] [22] [23] [24] Serrated lesions may be the precursor to approximately one-third of all colorectal carcinomas. 25 Hyperplastic polyps account for approximately 30% of all colon polyps 26, 27 and comprise the majority (greater than 70%) of serrated polyps. [26] [27] [28] [29] Hyperplastic polyps are usually small (1-5 mm), sessile, and most frequently distributed in the distal colon. 30, 31 They are further subclassified into 3 morphologic subtypes with unique histologic and molecular phenotypes as described below. Sessile serrated adenomas/polyps have been reported to be present in 4% to 9% of all patients undergoing screening colonoscopy 26, 32 and comprise up to 4% to 23% of all serrated lesions. 26, 28, 29 The SSA/Ps are slightly larger than HPs (more than 50% are greater than 5 mm in size), are flat, and are preferentially located in the proximal colon. 26, 30, 31, 33 The SSA/Ps tend to occur more frequently in females. 26, 30 Traditional serrated adenoma is the least common of the serrated lesions, representing approximately 1% to 2% of these lesions, [26] [27] [28] and typically occurs in the distal colon.
RISK FACTORS FOR SERRATED POLYPS
In sporadic serrated lesions, both proximal and distal serrated lesions have been shown to be associated with cigarette smoking. [34] [35] [36] [37] [38] [39] [40] [41] Folate intake and physical activity are inversely associated with the risk of distal serrated lesions. 42 Nonsteroidal anti-inflammatory drug and calcium use, fiber intake, alcohol intake, high body mass index, and family history of CRC have inconsistent associations with distal serrated lesions. 25 Limited epidemiologic data are available on these other factors and their association with proximal serrated lesions. An association between smoking and serrated polyposis syndrome (SPS) has been reported recently. 42, 43 HISTOLOGIC CRITERIA FOR DIAGNOSIS OF SERRATED LESIONS The fourth edition (2010) of the WHO Classification of Tumors of the Digestive System 18 provides a recent consensus on the diagnostic framework for the serrated lesions of the colorectum. In the current review, we include additional specific diagnostic features gathered from the recent national and international clinicopathologic consensus reports and critical appraisals since the WHO publication to further refine the definition of these lesions.
HYPERPLASTIC POLYPS
Histologically, HPs exhibit elongated crypts extending from the surface to the muscularis mucosa, tapering from a broad luminal opening to a narrowed base. They show variable serration in the upper segments of the crypts and do not have nuclear atypia or dysplasia (Figure 2, A through  D) . 10, 18, 25 Their proliferation zone is expanded but normally distributed at the bases of the crypts, where mitotic activity can be appreciated. 10, 44 Three subtypes, although currently not recommended for clinical use, are recognized by their slight variation in cytomorphology, distribution in the colon, and molecular characteristics 18 : microvesicular HP (MVHP), goblet cell-rich HP (GCHP), and mucin-poor or mucindepleted HP (Figure 2 ). Microvesicular HP and GCHP have been studied in further molecular detail in several articles (Table 1; Figure 2 ).
Microvesicular HP
These polyps represent the most common subtype of HPs. They occur predominantly in the right side of the colon but are more widely distributed than GCHP. 30 Microvesicular HPs show prominent luminal serration and are composed of epithelial cells with small-droplet mucin, with or without interspersed goblet cells. Their nuclear features are bland ( Figure 2 ). 25 Microvesicular HPs exhibit histologic and molecular overlap with SSA/Ps, and may belong at one end of a molecular continuum with SSA/Ps ( Table 1) . 45 However, MVHPs are distinguished from SSA/Ps by not having the characteristic architectural abnormalities in the deep portion of the crypts. 
Mucin-Poor HP
These are the rarest of HPs, display prominent serration, and are composed of mucin-depleted epithelial cells exhibiting mild nuclear atypia characterized by nuclear enlargement and hyperchromasia without pseudostratification. 25 The mucin depletion and nuclear atypia are surmised to represent a reaction to injury and inflammation. 25 
Sessile Serrated Adenoma/Polyp
Similar to HPs, SSA/Ps show elongation of crypts, prominent serration, and no cytologic dysplasia. However, unlike HPs, the architecture at the bases of SSA/Ps is altered, resulting in features such as broad, boot-shaped, Lshaped, inverse T-shaped, or branched crypts, as well as basal serration, which have been referred to as ''architectural dysplasia'' ( Figure 3 , A through F). 46 This architectural distortion is believed to be the result of an abnormally located proliferative zone at the side, rather than the base, of crypts, resulting in both upward and downward growth of epithelium. 10, 44 In SSA/Ps, cells with goblet cell or gastric-foveolar differentiation that are normally present at the luminal surface can become located at the crypt bases, 46 a feature that has been described as inverted maturation or dysmaturation. In addition, the goblet cells can be dystrophic, a feature that refers to free-floating goblet cells in the epithelium with no apical communication to the lumen and may show inversion of the nucleus toward the lumen. The crypts can also herniate through the muscularis mucosa, giving rise to a pseudoinvasive growth pattern, a feature that can occasionally be seen in HPs as well. 25 The recommendations from the WHO Classification of Tumours of the Digestive System 18 are that ''if more than two or three contiguous crypts demonstrate features of SSA/P, the lesion should be classified as SSA/P.'' More recently, the recommendation from the expert panel consensus by Rex et al 25 is that one unequivocal architecturally distorted crypt base is sufficient to establish the diagnosis of SSA/P. This recommendation is especially important in the differentiation between MVHP and SSA/P, in which one distorted crypt in an overall MVHP-appearing lesion warrants a diagnosis of SSA/P. 25 Crypt abnormalities appear to have overall good interobserver reproducibility if strict criteria for the recognition of SSA-type crypts are followed. 30 Bettington et al 30 further elaborated that any of the following features are diagnostic of SSA-type crypts: (1) any horizontal growth along the muscularis mucosa; (2) dilatation of the crypt base (basal third of the crypt) such that it is wider than the luminal opening; (3) serration extending into the crypt base; or (4) asymmetric proliferation. Applying these criteria 81 Immunohistochemistry did not show loss of MLH1 in any HPs, SSA/Ps, or TSAs. 84 In TSAs and HPs both BRAF and KRAS mutations were negative in 11% and 30% of cases, respectively. 16 The frequency of KRAS or BRAF mutation in TSA with conventional dysplasia was not significantly different from those without conventional dysplasia. to a single crypt for the diagnosis of SSA/P, the proportion of SSA/P to all colorectal polyps increases to 14.7%. 30 
SSA/P With Cytologic Dysplasia
Different types of dysplasia may arise in sessile serrated adenomas during progression to carcinoma, including conventional adenomatous dysplasia and serrated dysplasia (Figures 3, A through F, and 4, A through F) . The most common type of dysplasia is that resembling dysplasia of conventional adenomas characterized by elongated pencillate nuclei with hyperchromasia, nuclear pseudostratification, and amphophilic cytoplasm, with frequent loss of expression of MLH1 by immunohistochemistry (Figure 3 ). 25 The transition between the cytologically dysplastic epithelium and the nondysplastic SSA/P epithelium can be abrupt, appearing as a collision between 2 disparate lesions, leading to their classification as ''mixed hyperplastic adenomatous polyps'' or ''mixed SSA/P-tubular adenoma'' in the past. 46, 47 However, morphologic conventional adenomatous dysplasia arising from SSA/Ps exhibits molecular alterations that are distinct from those of conventional adenomas, and therefore the use of the term mixed polyp may not be appropriate. 9 This conventional adenomatous-type dysplasia may range from low grade to high grade. The significance of this stratification in SSA/Ps is not known at this time but is presumably similar to the progression of lesions seen in the conventional adenoma. Another type of dysplasia, termed serrated dysplasia, can also develop in SSA/Ps. It is characterized by cells with a more cuboidal shape and eosinophilic cytoplasm, enlarged vesicular nuclei, and prominent nucleoli (Figure 4) . 18 Some SSA/Ps may also show areas exhibiting cytologic dysplastic features of TSA, 25, 46, 48 which will be discussed in more detail below. Serrated dysplasia in SSA/Ps is frequently characterized by areas that include a cribriform complex pattern that correlates with variably lower levels of expression of MLH1 by immunohistochemistry, ranging from a residual dot-expression pattern to complete loss, suggestive of evolving dysplasia (Figure 4 ).
Traditional Serrated Adenoma
This type of serrated adenomatous polyp shows complex, occasional filiform growth with ectopic crypt formation and exhibits characteristic cytologic features. 44, 46, 49 The hallmark TSA cells are tall with a pencillate nucleus and eosinophilic cytoplasm ( Figure 5, A through D) . 46 Recently, the defining feature of TSAs has been suggested to be ectopic crypt formation, in which the crypts have detached from the underlying muscularis mucosa, occurring even at the surface of the polyp, and may develop overall protuberant, villiform architecture ( Figure 5) . 44 These ectopic crypt formations represent the proliferation zones of TSAs. 44 Occasionally, TSAs may be goblet cell rich and overall contain less eosinophilic morphology. 25 They may develop conventional or serrated dysplasia, which are presumed markers of progression to carcinoma. Although the serrated dysplasia may resemble that seen in a sessile serrated adenoma, the molecular alterations are disparate, as loss of MLH1 is not a characteristic of TSAs or their associated carcinomas ( Figure  6, A through D) . 25 In one study, a significant proportion (slightly greater than 50%) of TSAs were described to exhibit areas with features of HPs or SSA/Ps and the possibility that HPs and/or SSA/Ps may be precursor lesions to TSAs has been raised. 8, 16, 50 SERRATED POLYPS UNCLASSIFIABLE Assessment of serrated polyps can sometimes be limited by tangential sectioning, severe cautery artifact, and/or a superficial biopsy specimen. 18, 25 Additional deeper sections can often resolve the issue of poor orientation and tangential sectioning and enable assessment of the bases of the polyps. However, in a minority of cases, the serrated polyp remains unclassifiable. Another situation when this problem arises is a serrated polyp with prolapse-type changes, which can alter the morphology at the crypt base.
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SERRATED POLYPOSIS SYNDROME Serrated polyposis syndrome was previously known as hyperplastic polyposis syndrome 51 ; SPS is the elected terminology for this heterogeneous disease condition in the 2010 WHO publication. 18, 52 In the mid-1990s, Torlakovic and Snover 53 described serrated adenomatous polyposis in which adenocarcinoma was found to arise from polyps morphologically resembling sessile serrated adenomas in patients with hyperplastic polyposis. The risk of carcinoma is well recognized in SPS. The rates of synchronous cancer in SPS have been reported to range from 16% to more than 50%. 43, 52, [54] [55] [56] [57] [58] Polyps in SPS are most often sessile and small, are distributed throughout the colon, and comprise predominantly SSA/Ps and MVHPs. Morphologically, conventional adenomatous dysplasia may be present in these polyps, and, when it involves the entire SSA/P, the lesion may resemble a conventional adenoma. SPS is nearly equally distributed among males and females, with a median age of diagnosis between 42 and 66 years. 43, 52, 54, 55, 59 At least 2 clinical subtypes of serrated polyposis have been identified. 18 Type 1 contains multiple, more proximal, and larger SSA/Ps. In type 2, numerous small HPs are present throughout the colon. Cancer risk is substantial for type 1, but uncertain for type 2, 18 although some studies have reported similar cancer risk for the 2 subtypes. 59 A set of empirical diagnostic criteria has been devised to capture and identify patients with this syndrome:
1. At least 5 serrated polyps proximal to the sigmoid colon, with 2 or more measuring greater than 10 mm in size.
2. Any serrated polyps proximal to the sigmoid colon in an individual who has a first-degree relative diagnosed with serrated polyposis. 3. More than 20 serrated polyps of any size, distributed throughout the colon. 20 In a recent large prospective study, 44.1% of patients with serrated polyposis had a first-degree relative with a diagnosis of colorectal carcinoma. 60 Furthermore, a significantly elevated relative risk of colorectal carcinoma in firstdegree relatives of patients with SPS of 5.4 was reported. 61 
MOLECULAR MECHANISMS AND PATHWAYS UNDERLYING SERRATED POLYPS AND SERRATED
PATHWAY CARCINOMAS As indicated earlier, 3 main molecular genomic and epigenomic pathways have been identified in CRC and precancerous lesions: microsatellite instability secondary to deficient DNA mismatch repair, CpG island methylator phenotype potentially resulting in transcriptional silencing of hypermethylated genes, and chromosomal instability. 11, 62 Each of the above molecular phenotypes has been shown to correlate with characteristic histologic features of specific subtypes of polyps and CRCs. However, with currently available molecular testing alone, it is not yet possible to accurately predict the individual histopathologic subtype of polyps. Further, it is not possible to accurately predict the array of molecular alterations of an individual polyp or cancer based on morphologic assessment alone. Likely this is because of our incomplete knowledge of all necessary molecular players and possible crossover of pathways during the progression of serrated lesions.
Molecular Pathways Underlying Sessile Serrated Adenomas/Polyps
The SSA/Ps progress through what is currently called the serrated carcinogenesis pathway, frequently show activating mutations in BRAF V600E, and infrequently harbor KRAS mutations (Table 1 ; Figures 1 and 7) . The characteristic serrated phenotype results from abnormal cellular proliferation driven by constitutive activation of the MAPK pathway (Figure 1) . 9 The MAPK pathway can be activated by mutations in BRAF and RAS. Additionally, in the absence of mutations in one of the aforementioned genes, activation of epidermal growth factor receptor signaling by ligand binding can also activate the MAPK pathway (Figure 1) . 15 In addition, BRAF mutations have been shown to occur early in the development of sporadic hyperplastic aberrant crypt foci in humans. In mice, BRAF oncogene was shown to drive an initial burst of MEK-dependent proliferation, leading to the formation of hyperplastic crypts. 63 In colorectal carcinomas, BRAF V600E mutation also correlates strongly with the CIMP-high epigenomic phenotype (Table 1 ; Figures 1 and  7) . 64 Hypermethylation has been reported in the normal mucosa of hyperplastic polyposis patients, suggesting that aberrant methylation is an initiating event in the serrated carcinogenesis pathway. 65 In normal cells, hyperactivation of the MAPK pathway triggers upregulation of p16INK4a-Rb and p53-p21Waf1, inducing cell cycle arrest. 63, [66] [67] [68] [69] Conversely, inactivation of p16INK4a, IGFBP7, and checkpointrelated genes by promoter hypermethylation may promote neoplastic progression in hyperplastic/serrated lesions. 70, 71 Interestingly, BRAF V600E is frequently found in MVHPs but not in GCHPs (Table 1 ; Figures 1 and 7) . Accumulated data show that MVHPs and SSA/Ps reveal nearly overlapping molecular patterns when tested for CIMP, MLH1 methylation, and KRAS and BRAF mutations, consistent with the notion that MVHPs are immediate precursors of SSA/Ps (Table 1 ; Figures 1 and 7) . 9 The SSA/Ps can give rise to both microsatellite unstable (MSIH) or MSS cancers (Figure 1 ). Epigenetic silencing of DNA mismatch repair gene MLH1 via promoter methylation, which leads to the MSIH phenotype, is detected as variably decreased MLH1 expression in dysplastic areas of SSA/P and as uniform loss of expression in invasive MSIH adenocarcinomas (Figures 3  and 4) . 72 It is important to note that although MLH1 methylation is detectable early in SSA/Ps, only reduced or lost expression of the gene, which requires extensive methylation, is associated with dysplasia and heralds the committed progression of the serrated cancer pathway to malignancy. In lesions with loss of MLH1, the PMS2 gene, one partner in the stabilizing mutL heterodimer mismatch repair protein, is also lost.
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Molecular Pathways Underlying Traditional Serrated Adenomas
The TSAs are a heterogeneous group of polyps that have been shown to potentially be able to progress through all 3 colorectal carcinoma pathways (Figure 1) . A subset of TSAs may be characterized by CIMP-high, BRAF mutation, and MSS, in common with some SSA/Ps. However, in a recent study, TSAs have been shown to be generally distinct from the sessile serrated pathway of colorectal carcinogenesis. 71 Importantly, the DNA mismatch repair proteins are intact in all cases of TSA, including those with cytologic dysplasia and carcinoma ( Figure 6 ). 74 Colorectal polyps may also progress through an alternative pathway. In this pathway, lesions are characterized by KRAS mutations and silencing of the DNA repair gene methylguanine methyltransferase (MGMT) by promoter hypermethylation, CIMP-low mutation, and MSS. 9 This pathway underlies TSAs as well as some tubulovillous adenomas (Figure 1) .
Furthermore, EGFR activation and mutations in the PIK3/ AKT/mTOR pathway can promote polyp progression through either the sessile serrated pathway or the alternative pathway. 75 Specifically, mutations in PIK3CA exon 20 and PTEN have been shown to significantly associate with (Table 1) where the sessile serrated adenoma/polyp terminology was used. Weighted averages of frequency of each molecular alteration were calculated to generate the graph. Abbreviations: CIMP-H, CpG island methylator phenotype high; CIMP-L, CpG island methylator phenotype low.
the sessile-serrated pathway including MSIH, CIMP-high, and BRAF mutations, whereas PIK3CA exon 9 mutations are overrepresented in MSS/CIMP-low/KRAS mutant cancers. 75, 76 Day et al 75 showed PIK3CA and PTEN mutations in approximately 12% and 6% of colon cancers, respectively, and showed that alterations in PI3K pathway signaling are common in proximal colon cancers. Further, Whitehall et al reported that among polyps, PIK3CA mutations were exclusively seen in tubulovillous adenomas. 76 
GUIDELINES FOR SURVEILLANCE OF SERRATED POLYPS
Screening guidelines for colorectal carcinoma based on the risk stratification of conventional adenomas are well accepted in clinical practice. However, recommendations have only recently been established for serrated lesions. 25, 77 Patients with conventional adenomas are risk stratified based on the number, size, grade of dysplasia, and presence of significant villous architecture of the polyps. In the most current (2012) consensus update on colorectal carcinoma by the US Multi-Society Task Force, 77 patients with low-risk adenomas (fewer than 3 tubular adenomas, each less than 10 mm in diameter, and exhibiting low-grade dysplasia only) are surveyed at a 5-to 10-year interval, whereas patients with high-risk adenomas (3 or more adenomas, any adenoma of size 10 mm or larger, any adenoma exhibiting areas of high-grade dysplasia, or any adenoma exhibiting significant villous histology) are surveyed at 3-year intervals. An even shorter surveillance interval is recommended for patients with more than 10 adenomas. 77 As the classification, recognition, and detection of serrated lesions are still being refined, limited prospective data are available for surveillance of serrated polyps and prevention of colorectal carcinoma. Currently, the level of evidence for these recommendations is only low to moderate, as determined by expert consensus. 25, 77 The association of serrated polyps with risk of cancer has come from studies showing that proximal and large serrated polyps are associated with synchronous neoplasia at screening colonoscopy and with interval neoplasia at follow-up colonoscopy. 37, 78 O'Brien et al 6 showed that the molecular features of carcinomas arising from serrated lesions overlapped, in a study wherein the residual serrated adenoma was compared with the adjacent invasive adenocarcinoma (''serrated carcinoma''), with some cases in which both the serrated adenoma and the adenocarcinoma were MSIH with matching loss of MLH1 by immunohistochemistry and other cases with a pattern of negative microsatellite instability in both the cancer and serrated polyp. Several independent investigators reported that detection of serrated polyps 10 mm or greater in size at screening colonoscopy were associated with an increased risk for synchronous carcinoma or high-grade adenoma elsewhere in the colon. 37, [78] [79] [80] Histology corresponding to a sessile serrated adenoma, proximal location, and presence of cytologic dysplasia are further listed as factors associated with higher risk of colorectal carcinoma. 77 The consensus update on colorectal carcinoma by the US Multi-Society Task Force recommends treating a sessile serrated polyp of size 10 mm or greater and a sessile serrated polyp with cytologic dysplasia as high-risk adenoma 77 and managing serrated polyps that are smaller than 10 mm without cytologic dysplasia as low-risk adenoma (Table  2) . 77 Because of interobserver variation, some expert pathologists maintain that proximal colon serrated lesions larger than 10 mm should be diagnosed as sessile serrated polyps, even when the histology resembles that of an HP. 74 As discussed previously, the risk of developing carcinoma is significant in patients with SPS. It is recommended that patients with the diagnosis of SPS undergo annual surveillance colonoscopy (Tables 2 and 3) . 77 A separate set of recommendations from an expert panel regarding the postpolypectomy surveillance of serrated Abbreviations: HP, hyperplastic polyp; SPS, serrated polyposis syndrome; SSA/P, sessile serrated adenoma/polyp; TSA, traditional serrated adenoma. a Reprinted from Rex et al, 25 Am J Gastroenterol, 2012, by permission from Macmillan Publishers Ltd. b Patients with SPS are recommended to have annual surveillance. First-degree relatives of patients with SPS should start surveillance colonoscopy at age 40 or 10 years younger than the age of diagnosis of the affected relative, at an interval of every 5 years.
lesions was published in 2012 by Rex et al. 25 In addition to the intervals proposed by the US Multi-Society Task Force, this panel of experts advocates for even closer surveillance of serrated polyps meeting certain conditions (Table 3) . Hyperplastic polyps larger than 5 mm and/or greater than 3 in number proximal to the sigmoid colon are to be managed as the same as low-risk adenoma; sessile serrated adenomas greater than 2 in number are to be managed as high-risk adenoma. 27 Furthermore, 2 or more large sessile serrated adenomas and sessile serrated adenomas with cytologic dysplasia can be followed more closely than the 3-year interval prescribed for high-risk adenomas. 25 In their recommendations, the surveillance intervals for traditional serrated adenoma are the same as those for sessile serrated adenoma. A 5-year surveillance interval for first-degree relatives of patients with SPS is also delineated. The consensus opinion is for the complete removal of all serrated lesions except for diminutive (less than 5 mm) rectal sigmoid serrated polyps. 25 In light of the molecular features that characterize serrated lesions (Table 4) , immunohistochemistry for MLH1 may be useful to support the diagnosis of SSA/P with cytologic dysplasia. The majority of SSA/Ps with foci of dysplasia will show loss of expression of MLH1, indicating development of MSIH. In our practice we stain for PMS2 in parallel, because there is concomitant loss of PMS2 in true loss of expression of MLH1. BRAF V600E mutation is supportive of a diagnosis of sessile serrated adenoma but is not independently diagnostic. The standard levels and extension of methylation that correlate with expression of MLH1 have not yet been established in serrated lesions (Table 1) .
Critical review of literature and compilation of data reveal intricate interactions among the key molecular players in the serrated polyps. Although our understanding of the molecular pathways of serrated lesions continues to evolve, a combination of histologic assessment, immunohistochemistry, and epi/genomic studies allows for the classification, diagnosis, and prognostication of these entities. 25 Am J Gastroenterol, 2012, by permission from Macmillan Publishers Ltd.
